INTRODUCTION
============

Cervical cancer is the rapid, uncontrolled growth of severely abnormal cells in the cervix, which is the lower part of the uterus that opens into the vagina.[@B1],[@B2] This preventable disease kills an estimated 288,000 women every year.[@B3] The highest incidence rates have been observed in sub-Saharan Africa, Melanesia, Latin America, the Caribbean, Southcentral Asia, and Southeast Asia. In Korea, cervical cancer is still the most common gynecologic malignancy despite the fact that widespread cytological screening has reduced the incidence of this cancer.[@B4],[@B5] The incidence of cervical cancer (age-standardized rate) in Korea was estimated at a rate of 18.0 out of 100,000 women. Of the diseases with the highest incidence in Korean women, cervical cancer ranked third after stomach and breast cancers.[@B6]

Many previous studies have explored the risk factors associated with cervical cancer. These risk factors include menarche, high parity, an early age at first intercourse, multiple male sex partners, a history of sexually transmitted diseases, smoking, certain nutritional deficiencies, and low socioeconomic status.[@B7]-[@B9]

The present study, which is the largest population-based cohort study of cervical cancer conducted to date in Korea, provides a unique opportunity to examine the relationship between reproductive factors, cigarette smoking, and Papanicolaou smears with the incidence and mortality associated with cervical cancer.

MATERIALS AND METHODS
=====================

Study participants
------------------

The National Health Insurance Corporation (NHIC), previously known as the Korea Medical Insurance Corporation, provides health insurance to government employees, teachers, and their dependents. Of the entire Korean population (approximately 43.7 million in 1992), 10.7% were insured by this organization in 1992, including 1,297,833 workers and 3,364,605 dependents. All workers were required to participate in biennial medical examinations. In 1992, 94% of the insured workers had complete examinations.

The present cohort includes 482,618 Korean women aged 30 to 95 years who received health insurance from the NHIC and who had a medical evaluation in 1992. Women were excluded if they had a history of any form of cancer, diabetes before the start of follow-up, or Papanicolaou smear results with missing variables. Therefore, the remaining 475,398 subjects were included in the final analysis. Data on the Papanicolaou smears was available for 271,593 (57.1%) of the subjects.

Data collection
---------------

The NHIC biennial examinations followed a standard procedure and were conducted by local medical staff at each local hospital in Korea. This dataset consisted of questionnaires that were completed in 1992, 1993, 1994, and 1995. These questionnaires included information on past and present illnesses as well as menstrual and reproductive factors. Questions on reproductive factors included age at menarche, age at first delivery, number of offspring, menopause, and age at menopause. Lifestyle related factors including smoking habits, alcohol intake, and exercise were also described. Trained staff reviewed completed questionnaires and entered the data.

In addition, this dataset included information taken from biennial medical examinations conducted between 1992 and 2004. The examinations gained data on Papanicolaou smear results, height, weight, and blood pressure (BP) status. At each medical examination, medical staff measured body mass index (BMI), which was calculated as weight (kg) divided by height (m^2^), and blood pressure, with a standard mercury sphygmomanometer or automatic manometer when the individual was seated. A blood sample from each patient was obtained to determine fasting serum glucose (FSG) levels. Our study was approved by the Institutional Review Board at Yonsei University.

Cancer outcomes
---------------

The principal outcome variables were incidence of and mortality from cancer of the cervix. Patient outcomes from cervical cancer cases were based on national cancer registry data and hospitalization records. Although Korea has a national cancer registry, the reporting to this database was not complete during the time of follow-up for our study. Thus, hospital admission files were used to identify a first admission event for cervical cancer. An incident of cancer was coded based on either a positive report from the national cancer registry or on a hospital admission for a cancer diagnosis.

An outcome of mortality was ascertained from the cause of death denoted on the death certificate. A computerized search of death certificate data from the National Statistical Office in Korea was performed using the unique identification number assigned at birth. Causes of death were assigned at the hospitals by trained abstractors. Cervical cancer was classified according to the 10th revision of the *International Classification of Disease*: Malignant neoplasm of the cervix (*ICD-10*, C50).

Statistical analysis
--------------------

Chi-square and ANOVA tests were used to analyze statistical differences among characteristics of study participants with regard to their Papanicolaou smear results. Study participants were classified into three main groups according to the Papanicolaou test status: 1) unscreened women, 2) screened women with normal test results, and 3) screened women with abnormal test results. To identify the risk factors of cervical cancer, all participants were included for further analyses.[@B10]

Age-adjusted mortality and incidence rates were calculated for groups classified according to smoking status and were directly standardized to the age distribution of the Korean population in 1995.[@B11] Cox proportional hazard regression models were used to compute relative risks (RRs) and 95% confidence intervals (CIs), after adjusting for age and other potential confounding factors.[@B12] A Cox proportional hazard model was used to estimate the risk of each reproductive and behavioral factor as well as the Papanicolaou smear result variables against cervical cancer incidence and death.

The variables for which risk was calculated were: age at menarche (≤ 14, between 15 and 16, and ≥ 17 years old), age at first delivery (no delivery, ≥ 26, between 22 and 25, ≤ 21 years old), menopause status (yes or no), age at menopause, which was defined as the age at which menses had not occurred for at least one year (≤ 49, between 50 and 54, and ≥ 55 years old), and the duration of estrogen exposure, which was defined as the period of years between menarche and menopause (≤ 32, between 33 and 37, and ≥ 38 years).[@B13]-[@B15] The other factors taken into consideration were BMI (≤ 18.49, 18.5-24.9 and ≥ 25 kg/m^2^)[@B16] and alcohol consumption (yes or no). Smoking status was categorized into three groups: non-smoker, ex-smoker, and current smoker. In addition, the average number of cigarettes smoked daily was calculated and women were placed in three groups accordingly, 1-9 and ≥ 10 cigarettes/day. All analyses were conducted using SAS statistical software, version 8.2 (SAS Institute Inc, Cary, NC USA). Data were considered statistically significant when *p* was \< 0.05.

RESULTS
=======

Forty-three percent (n = 203,805) of the total number of women were not screened by Papanicolaou smears. The mean age of this group of women was 44 years. The remaining 57% (n = 271,593) of women were screened by Papanicolaou smears ([Table 1](#T1){ref-type="table"}). Among these screened women, 78,503 (28.9%) women had abnormal results and 193,090 (71.1%) women had normal results. The mean age of women with normal and abnormal test results was 52.5 and 55.6 years, respectively. The mean BMIs for unscreened and screened women were 21.4 and 24.0 respectively (*p* \< 0.0001). Most of the women in this study were nonsmokers. Cigarette smoking was substantially more common in women with abnormal test results compared to women with normal test results. Women with abnormal Papanicolaou smear results were more likely to have had a first delivery and reached menopause at an earlier age than women with normal test results.

The overall incidence rate of cervical cancer among all women was 45.9 per 100,000 women while the mortality rate was 3.4 per 100,000 women ([Fig. 1](#F1){ref-type="fig"}). The highest incidence rate (13.58 per 100,000) was observed in women aged 30-39 years. Women aged 50 years or older had the highest mortality rate due to cervical cancer.

[Table 2](#T2){ref-type="table"} shows the multivariate-adjusted relative risks of cervical cancer incidence and mortality. Women who had late menarche (age at menarche was ≥ 17) were at increased risk of cervical cancer compared with women who had early menarche (RR = 1.22, 95% CI, 1.09-1.36 in model 2). Because of the missing variables for parity (99% of the study subjects did not answer to this question), there was no statistical significance for parity as a risk factor of cervical cancer (not shown). [Table 2](#T2){ref-type="table"} also shows an increased risk associated with first delivery at an early age, with women ≤ 21 years old at the time of their first delivery having 1.5 times the risk of cervical cancer compared with women whose first delivery occurred at age 26 years or older (RR = 1.56; 95% CI, 1.31-1.86).

Women who had reached menopause had an increased risk of cervical cancer compared to women who had not reached menopause (RR = 1.36, 95% CI 1.19-1.54). Age at menopause was not significantly associated with cervical cancer risk, whereas long-term estrogen exposure was associated with an increased risk. No relationship was found between reproductive factors and risk of death due to cervical cancer. Women with abnormal Papanicolaou smear test results had an increased risk of cervical cancer. More interestingly, those who had never been screened by a Papanicolaou smear also had an increased cervical cancer risk when compared to those who had normal Papanicolaou smear results (RR = 1.12; 95% CI, 1.00-1.25). Women who had never been screened by a Papanicolaou smear had twice the risk of death due to cervical cancer compared to those who had normal results (RR = 2.00; 95% CI 1.37-1.81).

The incidence rate of cervical cancer among women who had never smoked was 45.7 per 100,000 person-years and the mortality rate was 3.1 per 100,000 person-years ([Table 3](#T3){ref-type="table"}). The incidence rate of cervical cancer among women who had either smoked in the past or currently smoked was lower than women who had never smoked. However, the mortality rate among women who currently smoke was two times that of women who had never smoked. In addition, the relative risk of death due to cervical cancer among current smokers was two times higher compared with those that had never smoked (RR = 2.00; 95% CI, 1.23-2.91). Furthermore, our study showed that the RR of death due to cervical cancer among all women who smoked ≥ 10 cigarettes/day was 2.4 times higher compared to that of women who had never smoked (nonsmokers) (RR = 2.40; 95% CI, 1.34-4.17) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Cervical cancer is a complex and multifactorial disease. This large prospective cohort study of Korean women showed that several reproductive factors including age at menarche, age at first delivery, menopause status, and long-term estrogen exposure were independent risk factors for the development of cervical cancer. The overall mortality rate of cervical cancer among all women in this study was 3.4 out of 100,000 women while the incidence rate was 45.9 per 100,000 women. Several studies on cervical cancer incidence have shown consistently that a young age at first intercourse, a high number of sexual partners, a high parity, cigarette smoking, race, and low socioeconomic status are significant risk factors for cervical cancer.[@B17],[@B18] However, our study dataset did not include variables such as sexual behavior and socioeconomic status.

A study by Peters et al. found some evidence that subjects with short intervals between menarche and the initiation of sexual intercourse had an elevated risk (with relationships stronger than those observed with age at first intercourse considered as a factor alone), but this effect was not confirmed in a later study, which found no evidence of such an effect.[@B17],[@B19] There was a positive association between the risk of cervical cancer and the number of pregnancies, however this risk was significant only when considering incident cases. Many studies have suggested that high parity contributes to the risk of cervical cancer.[@B20] We were not able to research the association between high parity and cervical cancer due to the fact that 99% of the women surveyed did not answer this question. Sriamporn and his colleagues reported that the age at delivery of the first child was weakly associated with risk for incident cases.[@B21] Interestingly, our study showed that age at first delivery was strongly associated with a higher risk of cervical cancer.

In recent years, cervical cancer incidence rates have been increasing among women aged 30-39 years and may reflect, in part, the fact that Papanicolaou smears were previously not used. A study by Misra et al. reported that approximately 30% of all cervical cancer was in patients aged 41 to 50 years old.[@B22] Furthermore, this study showed women who had never been screened by Papanicolaou smear were at twice the risk of mortality due to cervical cancer than those who had normal test results. An inflation factor of 1.67 was applied to estimate the underlying incidence rate in patients without any previous screening, and it gives an annual rate of 27.2 per 100,000 in the UK.[@B23]

Cervical screening programs based on regular Papanicolaou smears have been responsible for very significant decreases in both the incidence and mortality due to cervical cancer in all countries that have functional screening programs.[@B24],[@B25] The goal of cervical screening in the United States is to identify and remove significant precancerous lesions in addition to preventing mortality from invasive cancer.[@B26] Rates of cervical cancer in the United States have decreased from 14.2 new cases per 100,000 women in 1973 to 7.8 cases per 100,000 women in 1994. Despite a decrease in the incidence, cervical cancer remains one of the leading causes of death associated with cancer. The Healthy People 2010 target for cervical cancer is a reduction in mortality to 2.0 deaths per 1,000,000 women. Since 1998, the rate has remained near 3.0 deaths per 100,000 women. The United States Preventive Services Task Force (USPSTF) strongly recommends screening for cervical cancer in women who have been sexually active and have a cervix.[@B27]

In addition, cigarette smoking has been related to cervical cancer incidence. Most studies show that there is a strong correlation between women with cervical neoplasia and those who currently smoke.[@B28],[@B29] Current smoking (even passive smoking) has been linked to a 2-fold increase in the risk of developing cervical cancer.[@B30],[@B31] In addition, we have found an association between cervical cancer and the average number of cigarettes smoked daily, as well as the length of time a woman had been smoking. The presence of cigarette carcinogens in cervical mucus has been described as a possible biological explanation for the epidemiological association.[@B32],[@B33] The possible mechanisms through which cigarette smoking exerts its effect could involve soluble carcinogens that may have a direct transforming effect on cervical epithelium.

The strengths of this study include its prospective design and large sample size. In addition, it is likely that this cohort is not identical to the whole female population of Korea. Our study has assessed the risk of cervical cancer in terms of both incidence and mortality rates within the same large population. Because of these advantages, we were able to investigate the relationship between a wide range of reproductive factors as well as cigarette smoking and cervical cancer risk in Korean women. The potential limitations of our study result primarily from the use of data collected for clinical purposes and which might therefore tend to lack sufficient information, for our purposes, pertaining to specific reproductive factors. Additionally, many of the health examinations were conducted at different hospitals throughout the country and the laboratory techniques were not standardized.

In conclusion, our study found that late menarche, early age at first delivery, menopause status, and long-term estrogen exposure were independent risk factors for cervical carcinogenesis. Current cigarette smoking was associated with increased risk of death due to cervical cancer. The recent increasing trend in the number of Korean women who smoke could have a serious impact on cervical cancer mortality in the coming years. Our data suggests that the target age group for cervical cancer screening tests should be reconsidered and screening tests should commence in patients at an earlier age. Continued efforts are needed to increase the use of Papanicolaou smears in order to effectively close the gap between the women who have not been screened and the women who have been screened. An increased use of Papanicolaou smears will also reduce cervical cancer mortality as well as the overall burden of cervical cancer among Korean women.
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General Characteristics of Study Subjects (n=475,398)
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Women with past history of any form cancer and diabetes were excluded from all analyses.

SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Relative Risks (RR) of Cervical Cancer Incidence and Mortality by Reproductive Factors and Papanicolaou Test Status among Study Subjects
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^\*^Adjusted for age, BMI, cigarette smoking, alcohol drinking, menarche and parity. CI, confidence interval.

^†^Estrogen exposure duration which was defined as the period of years between menarche and menopause.

^‡^Papanicolaou test status was adjusted for age, BMI, cigarette smoking, alcohol drinking, menarche and parity.
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Multivariate adjusted Incidence and Mortality Rates of Cervical Cancer by Smoking Status
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PY, Person-year.

^\*^Relative risks (RRs) and 95% confidence intervals (CI) from multivariable Cox proportional models after adjusting for age, BMI, cigarette smoking, alcohol drinking, menarche and parity.
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Relative Risks of Incidence and Mortality from Cervical Cancer by Smoking Exposure among All Women
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^\*^Relative risks (RRs) and 95% confidence intervals (CI) from multivariable Cox proportional models after adjusting for age, BMI, cigarette smoking, alcohol drinking, menarche and parity.
